Excessive human disturbance (e.g., overgrazing, deforestation) has degraded the environment in the Qilian Mountains in China. Vegetative restoration is likely to be a crucial tool to restore these biologically significant habitats, but it is impossible to achieve this goal if the baseline plant community composition and its variation with local environmental conditions were not understood fully. To assess plant community composition by slope aspect, four different aspects -south-facing slope (SF), southwest-facing slope (SW), northwest-facing slope (NW), and north-facing slope (NF) -were surveyed on three almost non-degraded mountains. The results showed that each slope aspect has different abiotic environments. From SF to NF, soil water content has an increasing trend, but it shows no difference between SF and SW; and daily soil temperature and pH have a decreasing trend, while the former shows no difference between SF and SW, and SW and NW; and the latter shows no difference between SW and NW; and soil organic carbon was significantly increased, but soil bulk density was significantly decreased. Herbaceous plants were dominant on SF, SW, and NW, and trees (Picea crassifolia) were dominant on NF. From SF to NW, the dominant herbaceous plants were Agropyron cristatum and Stipa grandis, Agropyron cristatum and Carex aridula, and Kobresia humilis and Carex crebra, respectively, while on NF they were Carex spp. and Polygonum macrophyllum. The baseline survey points to the need to consider underlying patterns in abiotic conditions when planning restoration programs in these degraded mountain habitats, and to select native plants similar to the original vegetation. The survey provides a vital milestone for the development of policy-based funding initiatives and for ongoing vegetation monitoring during restoration to assess if these vegetative targets have been met.
Introduction
The combined effects of deforestation, overgrazing, expansion of cropland, and the unsustainable use of natural resources have caused land degradation worldwide, leading to powerful influence on the structure and function of ecosystems [1] [2] . This type of degradation has occurred in the Qilian Mountains, which are the headwaters of the Heihe River Basin in China [3] [4] [5] . It has lead to serious environmental issues mainly due to lack of vegetative cover and strong erosive forces [6] , especially for the important carbon pools of forest and grassland [7] [8] [9] , which have the potential to mitigate the impacts of climate change [10] [11] [12] [13] [14] . When vegetation was diagnosed as being at risk and ecosystems were degraded by human activities, the recovery process should be implemented as soon as possible [15] [16] . Apart from the construction of physical barriers, vegetation restoration provides a powerful tool for site rehabilitation [16] .
The first step in the restoration process is to select native plants that are similar to the original vegetation [17] [18] [19] . Native plant species, which become fine-tuned to their local environments through natural selection, can rapidly recolonize a denuded landscape [20] [21] [22] and help maintain the diversity and stability of vegetative communities [5] , suppress weeds and reduce erosion [23] , and increase nutrient concentrations (P, N, K) and rain/water use efficiency, of which the latter is a main indicator for ecosystem productivity [24] [25] . The use of native plant species during rehabilitation will also contribute to the aesthetic value of the habitat, as well as benefiting belowground ecosystems [26] , minimizing resource depletion [27] , ameliorating the consequences of fragmentation on populations of valuable plant species [28] , attracting more visitors on flower [29] , and increasing the abundance of small mammals as well as carnivorous prey selection species [30] . The ability to know regarding a species' native status according to appropriate environmental baselines is of vital importance for current-day environmental management [31] .
In general, for mountain environments slope aspect plays a key role in regulating insolation, which in turn affects soil moisture and temperature regimes in ways that can directly influence the development of local vegetation and ecosystems [32] [33] [34] [35] . Slope aspect influences almost all properties of vegetation, such as species composition and distribution, plant performance and photosynthetic efficiency, cover and productivity, species diversity and functional diversity, plant invasion, leaf δ13 C, distribution of C 3 and C 4 plants, and nutrient dynamics [6, 33, [36] [37] [38] [39] [40] [41] [42] . It may also affect plant species establishment through sensitivity to temperature and climatic fitness [43] [44] , and the hydrological precipitation pattern and erosion [6, 45] . An understanding of the differences in vegetation and soil characteristics among slope aspects in high-altitude environments is fundamentally important for efficient management of these mountains [46] . Therefore, prior to re-establishing an ecosystem that is most like the original ecosystem of degraded mountains, the composition of vegetative communities on lightly disturbed sites must be investigated thoroughly to establish a baseline. Changes in vegetation composition are very common in land degradation, such as in parts of South Africa [36] , on the Qinghai-Tibetan Plateau [47, 48] , and in Syrian arid steppes [49] .
For example, Louhaichi et al. [49] found that the similarity index between degraded and protected sites was estimated at 45%, which indicates that there is considerable difference in plant composition. Also, the relative abundance and density of species and interrelationships with changes in slope aspect should be measured because the restoration process is affected by both biotic and abiotic conditions, and the only production of a species list is inadequate and will likely be reflected in low species survival rates [50] [51] [52] [53] [54] . The objective of this work was to undertake and interpret a baseline survey of vegetation and soil properties in the Qilian Mountains to establish species composition and their relationship with abiotic factors.
Material and Methods
The Qilian Mountains are located in the northeastern part of the Qinghai-Tibet Plateau in China. . The lower section of the mountains mainly distribute arid geomorphology; the middle section fluvial geomorphology; and the high section permafrost geomorphology [55] . This area characteristically has a humid cold climate with an elevation varying between 2,000 and 5,500 m, and a mean annual precipitation from 250 to 500 mm. The highest air temperature in summer can reach about 40ºC in the plains and downstream area, while the lowest air temperature in winter falls to about -40°C in the high mountain upper basin area, and the average temperature is 0.5ºC. The upper reaches of the Heihe River flow out of the Qilian Mountains, which represent the water source of the Heihe, which in turn provides water for agricultural production and ecosystem stabilization in the middle and lower reaches of the Basin [3, [56] [57] .
The survey site, named Da Yekou Basin (100°13′-100°16′E, 38°16′-38°33′N), was located in the middle of the Qilian Mountains, with an elevation varying between 2,600 and 4,645 m. This site has a mean annual precipitation of about 435.5 mm, and an average temperature of 5.4ºC. The local residents stated that both human and natural processes have only lightly disturbed the vegetation over the last 60 years, a finding confirmed by Zhang [58] . In his study, Zhang [58] found that Picea crassifolia of this area was between 52 and 117 years old so the vegetation can be regarded as a climax community. Generally, native plants in a climax community have the greatest chance of growth and survival under the prevailing conditions, and the success of restoration depends on a general knowledge of them [59] .
During July and September 2013 and 2014, around an elevation of about 2,900 m, four slope aspects of three mountains were selected for analysis. On each mountain, four slope aspects were chosen: south-(SF, 0°-90°), southwest-(SW, 90°-135°), northwest-(NW, 135°-225°) and north-facing slopes (NF, 180°-270°) (Fig 1) . As the vegetation differed in these areas the floral sampling regime differed according to best practices for individual habitat types. In grassland areas a sample comprised of three plots 10 m apart. In each plot, three 50 cm × 50 cm quadrats were established in a row 1 m apart (Fig. 1) . Within each of these quadrats, percentage cover and the number of individuals of each species was recorded. In woody land a grid of three plots were used to sample the tree communities. Spaced 10 m apart, three 10 m × 10 m quadrats were established in a row within which trees with a diameter at breast height of ≥5 cm were defined as individuals. Within each quadrat we recorded canopy density, number of living trees, number of felled trees, canopy, and diameter at breast height. Five 1 m × 1 m herbaceous quadrats were also established in each of the tree quadrats (four in the corners and one in the center). Plant communities in these quadrats were assessed as described above. At the same time, three grassland quadrate and five tree quadrate soil samples were taken at a depth of 60 cm and divided into four parts (0-10 cm, 10-20 cm, 20-40 cm, and 40-60 cm depths) as replicates in each quadrat on a sunny day. In our surveyed sites, only a few but very small shrubs were found on NF of one mountain, so we excluded them in analysis.
Diameters at breast height were measured with calipers, while crown projection was recorded as two perpendicular diameters checked with a tape measure. Soil daily temperature was monitored from 06:00 to 18:00 at one-hour intervals 10 cm belowground using an EM50 soil temperature datalogger (Decagon Devices Inc, USA) by inserting its probes into three random locations on each aspect during investigation [41] . The fresh mass of soil was dried in an oven at 105ºC for 48 h. Soil water content was measured as (mass f -mass d )/mass f × 100%, where mass f is the fresh mass of soil and mass d is the dry mass of soil. Soil bulk density was determined from the undisturbed core segments as dry soil mass per unit volume. Soil organic carbon (SOC) was determined by wet dichromate oxidation using a homogenized subsample of 0.2 g soil and titrated by FeSO 4 [60] . pH was determined using a 2.5:1 water-to-soil ratio and standard pH meter [61] .
An importance value index of herbaceous plants was calculated as: I iv = (R c + R f + R d )/3, where I iv is the importance value index, R c is the relative cover, R f is the relative frequency, and R d is the relative density. Community similarity was expressed as CS = 2c/(a+b) [62] , where c represents the common species of two slope aspects, and a and b represent the number of species on each slope aspect.
The data were analyzed using SPSS 16.0 statistical software. One-way analysis of variance was used to determine differences in the parameters involved in the study at a level of p<0.05.
Results and Discussion
The mean (and standard deviation) of the abiotic conditions of the survey sites were presented in Table 1 . SF and SW had the same soil type, which was different from NW and NF. Except for these two indicators, other indicators on NF were significantly different in other aspects, with the highest soil water content and SOC, and the lowest pH, soil daily temperature, and soil bulk density. Except for no difference in soil daily temperature and soil-water content between SF and SW, these indicators on SF were different from SW and NW, with the highest pH and soil bulk density and the lowest SOC and soil water content. Except for soil daily temperature and pH, SOC, soil water content, and soil bulk density between SW and NW were all significantly different. On all slope aspects, SOC significantly decreased with soil depth, and pH on NW and NF increased significantly with soil depth, but on SF and SW, pH value of the first soil layer was significantly lower than that of other layers, among which pH value was not different. Soil-water content on NF decreased significantly with soil depth, but it has no difference between 10-20 cm and 20-40 cm depth, while soil bulk density on NF has an inverse trend, increasing significantly with soil depth, except between the 10-20 cm and 20-40 cm layers. On SF, SW, and NW, among all soil depths, no differences of soil water content and soil bulk density were found.
Herbaceous plants made up the vegetation on SF, SW, and NW, while on NF vegetation it was trees and herbaceous plants. On SF, Agropyron cristatum had the highest I iv , while on SW, NW, and NF, Carex aridula, Kobresia humilis, and Carex spp had the highest I iv , respectively. Plant community composition varied with slope aspect as did relative abundance. However, for other species the higher I iv was not necessarily related to relative abundance (Table 2 ). On NF, one tree species (Picea crassifolia) was found in the surveyed plots. According to Jaccard [63] , if CS varies from 0 to 0.25, then the communities are extremely dissimilar. If it varies from 0.25 to 0.50, then the communities are moderately dissimilar, and if it varies from 0.50 to 0.75 and from 0.75 to 1.00, they become moderately similar and extremely similar. CS between NF and other aspects was less than 0.50, suggesting that it was moderately dissimilar to others, and CS among SF, SW, and NW ranged from 0.50 to 0.75, meaning that these aspects have a moderately similar plant composition (Table 3) . Agropyron cristatum was a common species on all four aspects, but its I iv decreased from SF to NF. Stipa grandis, Potentilla bifurca, Carex aridula, Oxytropis, Poa pratensis, Carex crebra, and Heteropappus were the common species of SF, SW, and NW. On SF the dominated herbaceous plants were grasses, while in other aspects they were sedges. This study provides basic information related to the combination of hydro-thermal soil characteristics and plant community structure for different slope aspects. According to our results, we found that each slope has a particular hydro-thermal and soil combination (Table 1) , and different vegetation composition (Tables 2 and 3 ), suggesting that slope aspect influences insolation, which affects soil moisture and temperatures regimes in ways that can directly influence the development of vegetation [34] [35] . As Van de Water [64] noted, vegetation properties in semi-arid regions depend on both moisture availability and heat load. The abiotic conditions on NW and NF were relatively better than other slope aspects due to low insolation and evaporation [35, 45] . Except for pH, changes of soil characteristics with soil depth were similar to others [40, 65] . In most studies, they found that pH decreased with soil depth [66] , but this was not the case in this study. pH of the top layer was significantly lower than other layers on each slope aspect, this may be caused by higher evaporation. In recent years, due to global warming and higher evaporation, pH on all slope aspects increased in recent years, especially on SF, and higher evaporation may be a direction of water movement in the soil profile, resulting in soluble salts in the groundwater moving upward and accumulating in topsoil [67] . Under harsh environments on SF and SW, plants have the capability to survive, suggesting that these species display a higher resistance toward problematic areas [6] . 
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Oxytropis ( Restoration of degraded areas of the Qilian Mountains should be a two-step process. First, plant composition and the restoration measures for each slope should be confirmed, and second the successes of the planned measures should be established by long-term monitoring, especially for vegetation cover and composition, because they are two of the most commonly used as groups of monitoring indicators, and used to evaluate land recovery and the success of restoration projects in many terrestrial ecosystems [68] . Based on Table 2 , the restoration project should use herbaceous plants on SF, SW, and NW. In practice, seeds could be collected from plants with I iv > 2, and then mixed species sowing based on relative abundance and plant-specific I iv in the community. Mixed vegetation species will respond better (in terms of survival/growth rates and high diversity) to different methods of planting, climatic factors, weed invasion, and water table depth [52, 59] . Although CS among SF, SW, and NW was moderately similar, the dominated plant species were different, suggesting that restoration should combine CS and I iv to determine target plant composition. The survey suggests that land will have lower soil water content and greater soil temperature compared with less degraded land so that short-term irrigation might be useful if it can be implemented to infiltrate at least 60 cm into the soil, because irrigation can increase long-term grass establishment and reduce erosion [23] , and diffuse salinity. Although Szitár et al. [69] found that altered soil conditions are unlikely to pose a major limitation to vegetation recovery and restoration measures do not need to bother with soil remediation, the high mean pH value (>8) may have affected plant survival [52] because it leads to a reduced availability of micronutrients that are important for plant growth [46] . On NF, trees (P. crassifolia) should be planted because forest plantations aiming at restoration could increase plant growth and carbon sequestration [70] [71] . However, soil daily temperature will be greater on a degraded mountain due to lack of shade, so seedling establishment of P. crassifolia may be inhibited by soil temperature. In this case, artificial cultivation of P. crassifolia is needed to overcome critical seeding establishment and to increase survival rates [52, [72] [73] . After the plants reach a certain height and are able to shade each other, they can be transplanted onto degraded land with a canopy density of about 48%. However, the opening of vegetation as a result of harvesting timber could create favorable habitats for the invasion of xeromorphic species [74] . To increase biodiversity, felling more than five trees per 100 m 2 or decreasing canopy density to < 48% might work, but soil water content on NF suggests that much water is needed to support such vegetation.
Society should participate in all phases of restoration programs, as they provide excellent opportunities to improve human welfare, and this objective may be achieved by encouraging participatory management and integrating restoration actions into land planning, development programs, and a larger temporal framework of ecological processes [2, 17, [75] [76] . For example, the Qilian Mountains are the water source of the upper Heihe, and its recovery must benefit the middle-and down-stream users, especially for Inner Mongolia because its Populus euphratica forest are supported by the Heihe. Therefore, ecological compensation in the form of work or funding (e.g., Cao [48] ) may be needed during the restoration process to avoid livestock trampling of newly restored landscapes, because the greatest challenge to restoration is often lack of social capital and supportive institutions to initiate and sustain restoration efforts [77] , but how to gain social capital and to establish these supportive institutions needs further study in this area. Restoration is a long-term process of ecosystem recovery [27] ; therefore, every two or three years the restored plant communities should be monitored, and in some cases remedial action taken. The monitoring over longer scales is an essential component that will result in improved success and efficiency of future revegetation programs, and the lack of a suitable followup strategy may undermine the efforts made, and quickly bring the system back to its initial degraded conditions [78] [79] . A successful outcome would be a community that is like the original plant community for each slope aspect from the baseline survey.
This study focused only on recovery of the upper slope (2,900 m) of the degraded mountains in Da Yekou Basin, so its application is very limited and the mechanism of interaction between abiotic factors and biotic factors is not discussed in depth. Plant community composition is not only affected by slope aspect, but also by slope gradient, slope position, and elevation, so in order to achieve greater success of recovery, more plant community composition studies related to these factors are needed to inform ecological restoration [22] before restoration work begins. However, the methods to select and restore native plants can be widely used across the Qianlian Mountains.
Conclusions
In this study we found that each slope aspect has a unique abiotic conditon and plant community composition, and along a south to north-facing slope gradient, the vegetation composition gradually changes as trees become more dominant. On SF, SW, and NW, herbaceous plant species were dominant, while on NF, tree species were dominant. Although SF, SW, and NW have moderately similar plant compositions, the dominant species were different among them, with grasses dominating SF, and sedges dominating the other two slope aspects.
The baseline survey points to the need to consider underlying patterns in abiotic conditions when planning restoration programs in these degraded mountain habitats, and to focus on (i) the selection of native plants (or similar) to the original vegetation when designing interventions and (ii) using baseline community structures to gauge progress and set targets for restoration programs. Furthermore, this survey provides a vital milestone for the development of policy-based funding initiatives and for ongoing vegetation monitoring during restoration to assess whether vegetative targets have been met.
